Introduction
============

Neoadjuvant chemotherapy is an important component of combination treatment strategies for locally advanced breast cancer. Randomized trials have confirmed that neoadjuvant chemotherapy can achieve the same effects as adjuvant chemotherapy \[[@b1-crt-2014-039]\], and that tumor response to chemotherapy can be predicted and the breast conservation rate in patients with early-stage breast cancer improved \[[@b2-crt-2014-039]-[@b4-crt-2014-039]\]. Axillary lymph node metastasis is an important factor in the American Joint Committee on Cancer (AJCC) staging of breast cancer, as well as an important reference indicator that guides the selection of postoperative adjuvant treatment for locally advanced breast cancer. However, due to the varying effects of neoadjuvant chemotherapy on axillary lymph node status in patients with locally advanced breast cancer, the number of axillary lymph nodes detected in postoperative patients who have received neoadjuvant chemotherapy is significantly lower than that in patients who did not receive neoadjuvant chemotherapy \[[@b5-crt-2014-039]-[@b9-crt-2014-039]\]. This often leads to underestimation of the true axillary lymph node status in these patients, and thus affects prognosis prediction and selection of surgery and adjuvant therapy. Therefore, more appropriate methods for assessment of the status of axillary lymph nodes are needed.

The axillary lymph node ratio (LNR) refers to the ratio of the number of positive axillary lymph nodes to the number of removed lymph nodes at axillary lymph node dissection, and is currently an active field of investigation. Multiple studies have found that LNR is an important prognostic factor in breast cancer patients who have not received neoadjuvant chemotherapy, and its prognostic value may be greater than that of current N staging \[[@b10-crt-2014-039]-[@b13-crt-2014-039]\]. Investigations of Chinese women with breast cancer have reported similar results \[[@b14-crt-2014-039],[@b15-crt-2014-039]\]. However, very few studies have investigated the prognostic value of LNR in patients who received neoadjuvant chemotherapy. Therefore, this study was conducted to evaluate the prognostic values of LNR and ypN surgical staging in stage II/III breast cancer patients who underwent mastectomy after neoadjuvant chemotherapy.

Materials and Methods
=====================

1. Patients
-----------

This study was performed in accordance with the Declaration of Helsinki and approved by the ethics committee of Sun Yat-Sen University Cancer Center. Written consent was given by the patients for their information to be stored in the hospital database and used for research. Clinical and pathological data describing breast cancer patients who were treated at Sun Yat-Sen University Cancer Center from January 1998 to December 2007 were retrospectively analyzed. Inclusion criteria were (1) female with unilateral breast cancer; (2) clinical stage II/III without distant metastasis at initial diagnosis; (3) received neoadjuvant chemotherapy before surgery; (4) underwent mastectomy and axillary lymph node dissection after neoadjuvant chemotherapy; (5) complete surgical resection of the tumor and negative surgical margins; (6) estrogen receptor (ER), progesterone receptor (PR), human epithelial growth factor receptor family 2 (HER2) status were evaluated; (7) no sign of malignant tumor in other organs at diagnosis.

2. Clinicopathologic factors and lymph node status
--------------------------------------------------

Clinical, pathological, and immunohistochemical factors including age, menopausal status, initial clinical stage, ypT stage, ypN stage, ER, PR, HER2 status and molecular subtype were used to assess the risk of recurrence and death. ypT and ypN stage were based on the criteria in the 2009 7th edition of the AJCC staging manual for breast cancer. LNR was as defined as in the study by Vinh-Hung et al. \[[@b10-crt-2014-039]\], and patients were divided into four groups: LNR=0, 0.01-0.20, 0.21-0.65, and \> 0.65. More than 1% of the immunostained malignant cells were ER and PR positive. HER2 positivity was indicated by a 3+ or 2+ score upon immunohistochemical evaluation and confirmed using a fluorescence *in situ* hybridization test for HER2. We could not exactly define breast cancer intrinsic subtypes with immunohistochemistry in all tumors \[[@b16-crt-2014-039]\] since the exact value of Ki-67 was not available. Therefore, we classified breast cancer intrinsic subtypes as follows: (1) luminal A (ER+ and/or PR+, HER2--); (2) luminal B (ER+ and/or PR+, HER2+); HER2 enriched (ER−, PR-- and HER2+); and (3) triple negative (ER−, PR-- and HER2--) \[[@b17-crt-2014-039]\].

3. Follow-up and survival endpoints
-----------------------------------

After initial diagnosis, patients were followed up once every 3-6 months. The endpoints of the study were locoregional recurrence-free survival (LRFS), distant metastasisfree survival (DMFS), disease-free survival (DFS), and overall survival (OS). Locoregional recurrence was defined as a pathologically proven recurrence in the ipsilateral chest wall, supraclavicular and infraclavicular areas, axilla, and internal mammary region. Distant metastasis was defined as recurrence at any site other than those defined as locoregional recurrence, which was confirmed by imaging studies and pathological examination of a tissue specimen when necessary. OS was defined as breast cancer and non-breast cancer related deaths.

4. Statistical analysis
-----------------------

The Kaplan-Meier method was used to calculate survival rate and plot the survival curve, and differences were examined using the log-rank test. A Cox regression model was performed using the stepwise method, and significant variables in univariate analysis (p \< 0.05) were entered into a multivariate Cox regression model. SPSS ver. 16.0 (SPSS Inc., Chicago, IL) was used for all analyses, and a value of p \< 0.05 was considered to indicate statistical significance.

Results
=======

1. General information
----------------------

A total of 277 patients were included in this study. The median age at diagnosis was 47 years (range, 27 to 74 years), and the preoperative clinical stage was stage II in 30 cases (10.8%) and stage III in 247 cases (89.2%). The median number of lymph nodes removed at axillary lymph node dissection was 16 (range, 3 to 47), and the median number of positive lymph nodes was 5 (range, 0 to 46). The ypN stage was ypN0 in 43 cases (15.5%), ypN1 in 64 cases (23.1%), ypN2 in 89 cases (32.2%), and ypN3 in 81 cases (29.2%). There were 43 cases in the LNR 0.0 group (15.5%), 57 in the 0.01-0.20 group (20.6%), 92 in the 0.21-0.65 group (33.2%), and 85 in the \> 0.65 group (30.7%). The clinical and pathological factors of the patients are summarized in [Table 1](#t1-crt-2014-039){ref-type="table"}.

2. Treatment and response
-------------------------

Overall, 259 patients (93.5%) received neoadjuvant chemotherapy with an anthracycline or taxane regimen, while 18 (6.5%) received a cyclophosphamide, methotrexate, and 5-fluorouracil regimen. The median number of chemotherapy courses was three (range, 2 to 8). After neoadjuvant chemotherapy, 35 patients (12.6%) achieved a pathologic complete response of breast tumor and axillary lymph nodes.

All patients underwent mastectomy and axillary lymph node dissection after neoadjuvant chemotherapy. Following surgery, 265 patients received adjuvant chemotherapy (95.7%), 255 of whom received an anthracycline or taxane regimen. Radiotherapy was performed in the ipsilateral chest wall and supraclavicular and infraclavicular lymph drainage area in 156 patients (54.2%). Patients with positive hormone receptors received endocrine therapy. Premenopausal patients were treated with tamoxifen, and postmenopausal patients were treated with tamoxifen or an aromatase inhibitor. None of the patients with HER2+ cancers received trastuzumab.

3. Survival and disease progression
-----------------------------------

The median follow-up duration was 49.5 months (range, 6 to 144 months), during which time 53 patients (19.1%) experienced locoregional recurrence, 134 (48.4%) experienced distant metastases, and 105 (37.9%) died of breast cancer. In addition, two patients died of cardiovascular disease. The overall 5-year and 10-year LRFS were 78.4% and 70.9%, the 5-year and 10-year DMFS were 51.7% and 38.9%, the 5-year and 10-year DFS were 50.0% and 37.0%, and the 5-year and 10-year OS were 62.0% and 51.7%, respectively.

4. Univariate and multivariate analyses
---------------------------------------

The results of univariate analysis of clinicopathologic factors and prognostic factors are shown in [Table 1](#t1-crt-2014-039){ref-type="table"}. Both ypN stage and LNR were significant prognostic factors of LRFS, DMFS, DFS, and OS. The Kaplan-Meier survival curves of ypN and LNR are shown in [Fig. 1](#f1-crt-2014-039){ref-type="fig"}. Statistically significant variables in the univariate survival analysis were entered into the multivariate Cox proportional hazards model ([Table 2](#t2-crt-2014-039){ref-type="table"}). The LNR and ypN were input into the model simultaneously as covariates. The results showed that LNR remained a significant independent prognostic factor of LRFS, DMFS, DFS, and OS (p \< 0.05), while ypN was no longer a significant prognostic factor (p \> 0.05).

Discussion
==========

Retrospective analysis of 277 Chinese female patients who underwent total mastectomy after neoadjuvant therapy revealed that higher LNR was associated with a poorer prognosis.

Previous investigations of the prognostic value of LNR in breast cancer have focused on patients who did not receive neoadjuvant chemotherapy, while few studies of patients who received neoadjuvant chemotherapy have been conducted. Indeed, there have been only two comprehensive studies of the prognostic value of LNR in breast cancer patients who received neoadjuvant chemotherapy to date. Keam et al. \[[@b5-crt-2014-039]\] analyzed 205 patients who received docetaxel and doxorubicin-based neoadjuvant chemotherapy and found a LNR \> 0.25 to be an independent prognostic factor of relapse-free survival and OS, which was superior to that of the ypN stage. Saxena et al. \[[@b18-crt-2014-039]\] studied 314 breast cancer patients who received neoadjuvant chemotherapy using the same LNR grouping method employed in our study and found that LNR was an independent prognostic factor of survival, and its prognostic value was poorer than that of ypN stage. Our results showed that the prognostic value of LNR was significantly better than that of ypN stage. Although findings regarding whether the prognostic value of LNR is superior to that of ypN stage differed, all study findings suggest that LNR is an important prognostic factor.

In the current AJCC staging system for breast cancer, the pN stage is based on the number of positive axillary lymph nodes. However, it has been reported that, when compared with breast cancer patients who did not receive neoadjuvant chemotherapy, more patients who received neoadjuvant chemotherapy had less than 10 axillary lymph nodes removed at dissection \[[@b8-crt-2014-039],[@b9-crt-2014-039]\]. Therefore, it is believed that neoadjuvant chemotherapy may affect the actual lymph node status, and is not conducive to estimation of prognosis and guidance of subsequent adjuvant therapy.

Although the value of axillary lymph node status prior to neoadjuvant chemotherapy for estimating prognosis and guiding subsequent adjuvant therapy remains controversial in breast cancer patients \[[@b19-crt-2014-039]\], our results indicate that LNR can reflect axillary lymph node status in post-neoadjuvant chemotherapy breast cancer patients more accurately than pN stage. Veronesi et al. \[[@b20-crt-2014-039]\] suggested that pN stage be accompanied by the LNR to accurately reflect lymph node status, and that clinicians should have a more intuitive understanding of the LNR. Moreover, the use of the LNR may allow the effects of variation in lymph node dissection level among surgeons to be reduced \[[@b21-crt-2014-039]\].

Different studies have adopted various LNR cutoff points for grouping \[[@b10-crt-2014-039],[@b21-crt-2014-039]-[@b23-crt-2014-039]\]. Vinh-Hung et al. \[[@b10-crt-2014-039]\] reported that the cutoff points of 0.20 and 0.65 have better prognostic value than pN stage in breast cancer patients who did not receive neoadjuvant chemotherapy. The present study also revealed that the prognostic value of these LNR cutoff values for grouping was better than that of yN stage. The International Nodal Ratio Working Group is investigating the prognostic value of LNR in breast cancer \[[@b23-crt-2014-039],[@b24-crt-2014-039]\]. Hopefully, their work can confirm the prognostic value of LNR in breast cancer and provide a consensus regarding the optimal LNR cutoff values.

It should be noted that this study had a number of limitations. First, it was a single-center retrospective study; however, the results confirm the growing body of literature that supports the prognostic value of LNR in breast cancer. Second, patients with HER2 positivity exceeded 40% in present study due to selection bias, and the results of this study suggest that HER2 significantly affected the prognosis of patients, but patients in this study did not undergo trastuzumab therapy and it is unclear whether targeted therapy would change these findings. Finally, LNR was evaluated after a median of three cycles of chemotherapy in the present study, and most patients received adjuvant chemotherapy. It is uncertain whether LNR after three cycles of chemotherapy or more is useful.

Conclusion
==========

In conclusion, our findings demonstrated that integrated use of the LNR and ypN in stage II/III breast cancer patients improved predicted prognosis and may facilitate selection of adjuvant therapy.

Conflict of interest relevant to this article was not reported.

This study was supported by a grant from the Sci-Tech Office of Guangdong Province (No. 2008B060600019), the Youth Foundation of the First Affiliated Hospital of Xiamen University (No. XYY2012005) and the Education Scientific Research Foundation of Young Teachers of Fujian Province (No. JB13131).

![Comparison of Kaplan-Meier curves for different lymph node ratios (LNRs) and ypN stages. (A, E) Locoregional recurrence-free survival. (B, F) Distant metastasis-free survival. (C, G) Disease-free survival. (D, H) Overall survival. pN (A-D) and LNR (E-H).](crt-2014-039f1){#f1-crt-2014-039}

###### 

Patient characteristics and univariate survival analyses of prognostic factors

  Characteristic       No. (%)      LRFS    DMFS                                                   DFS    OS                                                                                                                                 
  -------------------- ------------ ------- ------------------------------------------------------ ------ --------------------------------------------------------- ------ --------------------------------------------------------- ------- ---------------------------------------------------------
  Age (yr)                                  0.720                                                         0.014[^a)^](#tfn2-crt-2014-039){ref-type="table-fn"}             0.021[^a)^](#tfn2-crt-2014-039){ref-type="table-fn"}              0.070
   ≤ 35                45 (16.2)    83.7                                                           38.9                                                             39.0                                                             52.7    
   \> 35               232 (83.8)   77.5                                                           54.4                                                             52.3                                                             63.9    
  Menstrual status                          0.234                                                         0.300                                                            0.181                                                             0.527
   Premenopausal       184 (66.4)   81.8                                                           55.2                                                             54.2                                                             64.5    
   Postmenopausal      93 (33.6)    71.5                                                           44.6                                                             41.5                                                             56.8    
  Clinical stage                            0.012[^a)^](#tfn2-crt-2014-039){ref-type="table-fn"}          0.040[^a)^](#tfn2-crt-2014-039){ref-type="table-fn"}             0.009[^a)^](#tfn2-crt-2014-039){ref-type="table-fn"}              0.038[^a)^](#tfn2-crt-2014-039){ref-type="table-fn"}
   IIA                 5 (1.8)      53.3                                                           40.0                                                             40.0                                                             80.0    
   IIB                 25 (9.0)     93.3                                                           72.6                                                             72.6                                                             83.3    
   IIIA                127 (45.8)   80.4                                                           51.4                                                             50.8                                                             66.3    
   IIIB                79 (28.6)    79.9                                                           48.2                                                             47.1                                                             53.1    
   IIIC                41 (14.8)    63.4                                                           48.1                                                             40.7                                                             49.2    
  Pathologic T stage                        0.094                                                         0.002[^a)^](#tfn2-crt-2014-039){ref-type="table-fn"}             0.005[^a)^](#tfn2-crt-2014-039){ref-type="table-fn"}              0.008[^a)^](#tfn2-crt-2014-039){ref-type="table-fn"}
   ypT0                11 (4.0)     100.0                                                          88.9                                                             88.9                                                             100.0   
   ypT1                33 (11.9)    82.5                                                           61.5                                                             55.6                                                             74.6    
   ypT2                116 (41.9)   78.4                                                           56                                                               53.5                                                             65.5    
   ypT3                61 (22.0)    77.6                                                           38.5                                                             38.6                                                             54.5    
   ypT4                56 (20.2)    70.6                                                           42.9                                                             43.5                                                             45.4    
  Pathologic N stage                        0.004[^a)^](#tfn2-crt-2014-039){ref-type="table-fn"}          \< 0.001[^a)^](#tfn2-crt-2014-039){ref-type="table-fn"}          \< 0.001[^a)^](#tfn2-crt-2014-039){ref-type="table-fn"}           \< 0.001[^a)^](#tfn2-crt-2014-039){ref-type="table-fn"}
   ypN0                43 (15.5)    87.7                                                           80.5                                                             80.6                                                             86.7    
   ypN1                64 (23.1)    86.4                                                           65.5                                                             62.4                                                             78.4    
   ypN2                89 (32.2)    78.2                                                           44.1                                                             42.1                                                             52.7    
   ypN3                81 (29.2)    66.7                                                           34.6                                                             33.5                                                             47.5    
  Lymph node ratio                          0.002[^a)^](#tfn2-crt-2014-039){ref-type="table-fn"}          \< 0.001[^a)^](#tfn2-crt-2014-039){ref-type="table-fn"}          \< 0.001[^a)^](#tfn2-crt-2014-039){ref-type="table-fn"}           \< 0.001[^a)^](#tfn2-crt-2014-039){ref-type="table-fn"}
   0                   43 (15.5)    88.4                                                           81.6                                                             81.6                                                             87.4    
   0.01-0.20           57 (20.6)    85.7                                                           73.4                                                             69.6                                                             84.5    
   0.21-0.65           92 (33.2)    80.5                                                           45.9                                                             43.9                                                             58.5    
   \> 0.65             85 (30.7)    64.2                                                           28.3                                                             27.2                                                             39.0    
  ER status                                 0.248                                                         0.097                                                            0.140                                                             0.208
   Negative            145 (52.3)   74.7                                                           47.3                                                             46.1                                                             58.9    
   Positive            132 (47.7)   81.8                                                           56.3                                                             54.1                                                             65.1    
  PR status                                 0.860                                                         0.873                                                            0.837                                                             0.737
   Negative            123 (44.4)   76.9                                                           50.8                                                             48.5                                                             60.3    
   Positive            154 (55.6)   79.4                                                           52.4                                                             51.1                                                             63.4    
  HER2 status                               0.900                                                         0.003[^a)^](#tfn2-crt-2014-039){ref-type="table-fn"}             0.007[^a)^](#tfn2-crt-2014-039){ref-type="table-fn"}              0.029[^a)^](#tfn2-crt-2014-039){ref-type="table-fn"}
   Negative            160 (57.8)   78.6                                                           56.9                                                             54.8                                                             68.3    
   Positive            117 (42.2)   76.8                                                           43.4                                                             42.4                                                             57.7    
  Molecular subtype                         0.061                                                         0.071                                                            0.093                                                             0.158
   Luminal A           108 (39.0)   76.3                                                           54.4                                                             51.8                                                             63.0    
   Luminal B           64 (23.1)    85.9                                                           49.9                                                             49.9                                                             62.6    
   HER2 enriched       53 (19.1)    67.1                                                           39.6                                                             37.8                                                             49.8    
   Triple negative     52 (18.8)    85.8                                                           60.6                                                             58.7                                                             68.1    
  Adjuvant PMRT                             0.199                                                         0.301                                                            0.322                                                             0.546
   No                  121 (45.8)   74.7                                                           54.3                                                             53.7                                                             63.2    
   Yes                 156 (54.2)   81.6                                                           49.7                                                             47.1                                                             61.0    

LRFS, locoregional recurrence-free survival; DMFS, distant metastasis-free survival; DFS, disease-free survival; OS, overall survival; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor; PMRT, postmastectomy radiotherapy.

p \< 0.05 indicates a significant difference.

###### 

Multivariate analysis of survival

  Characteristic       LRFS                  DMFS                                                   DFS                   OS                                                                                                                                                              
  -------------------- --------------------- ------------------------------------------------------ --------------------- --------------------------------------------------------- --------------------- --------------------------------------------------------- --------------------- ---------------------------------------------------------
  Age                  \-                    \-                                                     0.670 (0.410-1.095    0.110                                                     0.670 (0.409-1.097)   0.111                                                     \-                    \-
  Clinical stage       1.364 (0.991-1.878)   0.057                                                  1.028 (0.815-1.296)   0.818                                                     1.099 (0.880-1.373)   0.405                                                     1.175 (0.899-1.537)   0.238
  Pathologic T stage   \-                                                                           1.121 (0.931-1.351)   0.227                                                     1.092 (0.915-1.305)   0.330                                                     1.165 (0.941-1.444)   0.161
  Pathologic N stage   1.120 (0.626-2.004)   0.703                                                  0.841 (0.570-1.240)   0.381                                                     0.810 (0.555-1.181)   0.273                                                     0.708 (0.447-1.122)   0.142
  Lymph node ratio     1.600 (1.179-2.175)   0.003[^a)^](#tfn4-crt-2014-039){ref-type="table-fn"}   1.845 (1.492-2.282)   \< 0.001[^a)^](#tfn4-crt-2014-039){ref-type="table-fn"}   1.758 (1.435-2.154)   \< 0.001[^a)^](#tfn4-crt-2014-039){ref-type="table-fn"}   1.782 (1.386-2.290)   \< 0.001[^a)^](#tfn4-crt-2014-039){ref-type="table-fn"}
  HER2 status          \-                    \-                                                     1.660 (1.143-2.411)   0.008[^a)^](#tfn4-crt-2014-039){ref-type="table-fn"}      1.552 (1.078-2.233)   0.018[^a)^](#tfn4-crt-2014-039){ref-type="table-fn"}      1.471 (0.955-2.266)   0.080

LRFS, locoregional recurrence-free survival; DMFS, distant metastasis-free survival; DFS, disease-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; HER2, human epidermal growth factor receptor.

p \< 0.05 indicates a significant difference.
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